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© A parameter of blood is sensed with a system 
which includes a catheter and a sensor and a vol- 
ume oscillator element The catheter has a lumen 
extending therethrough, a proximal end. a distal end 
and an opening, adapted to be placed in the blood 
vessel of a patient The sensor senses a blood 
parameter and is adapted to be located outside the 
patient's body in fluid communication with the 
lumen. The volume oscillator element is in fluid 
communication with the lumen and is capable of 
acting to periodically cause blood to enter and exit 
the lumen. The system is structured so that a flush 
i-»or anti-clotting solution flows into the patient when 
<^the volume oscillator element is inactive. With the 
volume oscillator activated, blood is moved back and 
v» forth in the lumen to expose the sensors to blood so 
^that the blood parameter of interest can be sensed. 
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BLOOD PARAMETER MEASUREMENT SYSTEM 



BACKGROUND OF JHF iw^mm. 

nrtll 3 ° ften neC9Ssar y or durable to measure 
various parameters of blood, such as temperature 
and blood constituents, such as blood gases. pH 
o*er electrolytes and glucose. This can be Som 

222. J - time . usinfl fluorescent sensors ^ 

' , Can b8 accom P«^d in an extracor- 

4^40.820 and in vivo as disclosed in Lubbers et al 
Reissue Patent No. 31.879. For in vivo sensing a 

EZXiTt carryin9 an appropriate i 

mserted into a blood vessel of the patient. Because 

SfeT 'l SUCh Vesse,s must ^ very small. 
This sfee constraint may have a detrimental effect 
^ accuracy of the determination made by me 

be T 9 m0St ,mp0rtant 9 Mes «« needs to 

l OXy9en - 0ne P"*tom with in vivo 
oxygen sensing is that the readings obtained for 
the concentrations of oxygen tend to vary over Z 

Zf! ° U8m9 conv **w* laboratory tech- 
niques for measuring the concentration of oxygen. 
* has been found that this deviation Is in many 
«*es ""acceptably large so that the reliability of 
*e ,n v.vo measuring system is caljed Into ques- 

nSTnl 9 .T 5 ' ° f 819 beneffts of an in vivo 
measuring system while reducing or eliminating 



SUMM^OFJHEll^ 

™ 9 . pr9sent Invention is based In part on the 

«cogmt,on and discovery that blood parameter 
sensors may not need to be exposed to pWS 
* Pr0V ' de sub8te n«ally accurate blood 
Remoter measurements. Thus, it is not necessa* 

flush fluids be interrupted while such measure- 
ments are being performed. Further, there is Z 
need fa, -stopping and starting fluid flows so that 

overall, the treatment of the patient is very effec- 
tively controlled, as desired, vwyeirec 
one broad ^ect. the present Invention In- 
volves an assembly which comprises a catheter. at 

ffiST!? "! 8 V0 ' Ume 05C " ,ator 9teme 
The catheter has a lumen extending through it a 

pmximai end. a distai end and a opening** 

ably at or near the distal end. The cSete! fsTed 



and adapted so that at least the distal end and the 

oaSST T iVab ' e With,n a blood V9 ssel <* a 
Patent The catheter acts to carry a fluid other than 
oiood. e.g., an anti-clotting solution, from a fluid 

blood parameter and providing a signal In response 
2ST !• S6nsor 13 ada Ptod to be located ouN 

1 2 , Patt8n ^ but in ,,uld communication 
wfth the lumen of the catheter. The volume oscilla- 

°L„ T-' 8 fluW co ^"nicaten with the 
lumen and is capable of acting to periodical 
cause blood to enter the lumen, be exposed to S 
SZ-Hf ? ? ' Umea Wh9n Volume 

nL ^ f 9 f '° W ° f " uid from * 9 flu W »urce to the 
patient is not stopped. Thus, the present system 

KT f « ■* ™ d 2Tow 

Into me patient even when the volume oscillator is 

20 S : k" 16 ' WOrdSl floids ' sucn 35 anti-clotting 
era^oTa S Pr0VWed t0 *• pati9nt with out op" 
S?J? T 0SCi " at0r ™ s substantially re- 
duces the complexity of the present system while 

KS22L*£ T fl ° W * " U,dS to *e" 
25 h,2 h ? e V °' Ume OSC,,lator element Is struc- 
25 J«».end located so that substantially no net 
pumping of blood results from the opera! of £ 

an ^JST ^ 3Sp9Ct 0f *• inv9nUon 'nvolves 
so LT? C ° mpriSin9 a cath9ter "aving a de- 
Itefh^T eandat,eaSton9S9nsor -^catnt 
m![,S IT 9 / 1 eXt8ndin 9 ferethrough. a proxi- 
mal end. a distal end and an opening, preferably at 

ir ? S diS,a ' end 709 ^atol end an7 y «he 
opening have cross-sectional areas sized to be 

,r e n?i: min * eb,oodv9889 ^ a pS^^^^^ 

fomen is structured so that blood from the patierj 

inn ^r ■? 0U * ° f * 9 Patt9nt open- 
ing with substantially no net flow of blood The 

m f ' 9 " 38 d6SCrib9d ^ fe adapted to^e 9 

40 tocated ln a position in the lumen at or near the 

sXJ ?!! near9st *• P° sf eon where the 
sensor is located is preferably larger than the 

* n^r^'^^^^erxlormeaL^ 

so^ p f n r f * 9cafteter -^ 9s9 «^o 

S? EST" 11,9 Catheter ' but P^ly 
at a less confined space relative to being located at 

or near me distai end of the catheter. *SX£ 

posltiomng can result In increased measuremS 

60 s a ~ UraCy *. use of physically bigge? se„ 

invoS.^ 0 " 8 ' bTOad ^P 90 * of ^ Invention 
■nvolves an assembly comprising a probe and a 
catheter. The probe Includes a sensor for sens, ng a 
parameter of blood and providing a signTfn T 
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sponse thereto, an elongated transmission means 
for transmitting the signal from the sensor, and a 
fitting forming a primary fluid flow path, which 
preferably includes two non-aligned flow path seg- 
ments which come together at a junction. In one 5 
embodiment, the sensor may be located in the 
fitting so as not to substantially protrude into the 
fluid flow path, thereby leaving this fluid flow path 
substantially unobstructed and reducing the risk of 
clot formation in the blood being sensed. The sen- 10 
sor may be located at or near the junction of the 
non-aligned flow path segments. The fitting prefer- 
ably is a multi-legged fitting, more preferably a 
fitting having at least three legs and still more 
preferably a Y-fitting, having a first leg with which is 
the elongated transmission means is associated, 
and a second leg and a third leg which together 
form the primary fluid flow path, preferably the only 
fluid flow path, through the fitting. The use of such 
multi-legged fittings, e.g., Y-fittings. is very conve- 20 
nient in this invention since such fittings are con- 
ventional and readily available. The sensor is pref- 
erably located in the fitting or in the catheter near 
the proximal end thereof. In one embodiment, the 
sensor is more preferably located in the first leg of 25 
a Y-fitting. The Catheter, which is structured to be 
directly coupled to the fitting, has a lumen extend- 
ing therethrough, a proximal end, a distal end and 
ah opening, preferably adjacent the distal end. The 
catheter is sized and adapted so that at least the 00 
distal end and the opening thereof are receivable 
within a blood vessel of a patient. 

In another broad aspect, the invention involves 
a method of sensing a parameter of blood. This 
method comprises providing a catheter in a blood 35 
vessel of a patient This catheter has a lumen 
extending through it, a proximal end, a distal end 
and an opening at or near the distal end. A sensor, 
located outside the patient's body, is provided. 
This sensor is in fluid communication with the 40 
lumen and is capable of sensing a parameter of 
blood and providing a signal in response thereto. A 
flush solution from a flush solution source is intro- 
duced into the lumen so that there is an interface, 
e.g., interface zone, between the blood and the 45 
solution. A volume oscillator element, which is ef- 
fective when active to at least aid in moving the 
interface back and forth in the lumen, is provided. 
The interface is moved back and forth in the lumen 
so that the sensor is exposed to blood for at least a so 
portion of the time the interface is moving. The flow 
of flush solution from the flush solution source is 
not stopped when the volume oscillator element is 
inactive. A signal, responsive to the blood param- 
eter, is obtained from the sensor during the step of 55 
moving the interface. The present assembly can be 
used in practicing the present method. 

Because the sensor is outside the body, it is 



effectively prevented from contacting the wall of 
the vessel. The sensor is not located so far back 
from the distal end of the catheter that it cannot 
perform its sensing function. 

This invention recognizes that there is an inter- 
face between the blood and the flush solution. 
Theoretically, the interface could be a plane that 
simply divides the blood from the flush solution. 
However, in reality, the interface is a zone which 
has some axial length and which contains a mixture 
of the blood and the flush solution. Thus, the inter- 
face divides a zone of substantially all blood from a 
zone containing substantially all flush solution. 

Because the flush solution is supplied to the 
catheter such that there is a net flow of solution 
through the opening at or near the distal end to the 
vessel, it would be expected that the interface 
would be entirely outside of, or at the distal end of, 
the catheter. However, by activating the present 
volume oscillator element to at least aid in moving 
the interface back and forth in the lumen, the 
sensor, even though it is located proximally from 
the distal end of the catheter, as described herein, 
can be exposed to blood for at least a portion of 
time that the interface is moving. This exposure 
must be sufficient to enable the sensor to provide 
an accurate signal related to the blood parameter 
of interest. 

The movement of the interface back and forth 
in the lumen may move the interface over the 
sensor. However, the presently preferred fluores- 
cent sensors, and in particular the fluorescent oxy- 
gen sensor, can tolerate some exposure to the 
mixture of flush solution and blood in the Interface 
without providing erroneous readings. For example, 
it has been found that a mixture consisting of 50 
percent blood by volume and 50 percent anti- 
clotting solution by volume yields approximately 
the same oxygen concentration as the oxygen con- 
centration in a medium consisting essentially of 
blood. 

Movement of the interface to bathe the sensor 
in blood is at least aided by the volume oscillator 
element which is preferably located in the system 
for introducing the flush solution. The volume os- 
cillator element may, for example, take the form of 
a syringe which, in effect, expands and contracts 
the volume of the introducing system to move the 
blood back and forth in the lumen. The volume 
oscillator may, and preferably does, include a sole- 
noid operated plunger or piston and a flexible dia- 
phragm. Movement of the piston causes the dia- 
phragm to flex, thereby causing blood to move 
back and forth in the lumen, as desired. Preferably 
the movement of blood back and forth In the lumen 
is such that substantially no net pumping of blood 
results, e.g., from the operation of the volume os- 
cillator. In other words, this back and forth move- 
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ment of the interface creates no net or average 
flow o blood in either direction. This is substan- 
tially different from blood analysis performed in a 
conventional extracorporeal blood loop where blood 

ISO**^ ** pattenr8 faoa > to "™ one 
direction. As discussed above, the volume oscilla- 
tor means is structured so that flush fluid. e.g.. antl- 

w h ?n ^ L 80 '^ rti0n • C ° ntinU98 t0 f,ow to » e Patent 
wnen this element is inactive. 

Another technique, which is used in conjunc- 
tion with the volume oscillator element, for aiding in 

enables further expansion and contraction of the 
volume of the introducing system. This includes 
P~vid.ng the introducing system with some com- 
pliance and allowing pressures generated by the 
'RE' naartb9ate to * '^t aid in moving the 
mterface Consequently, blood is forced to enter 
the opening * or near the distal end of the catheter 
es the blood pressure rises with each beat of the 
heart Thus, the action of the volume oscillator 
element together with the patient's heartbeats act 

If 5 ? interfeCe t0 flow back «* forth m the 
lumen, in any event, the sensor is bathed by the 
back and forth or tidal movement of the blood and 
can adequately sense and measure the blood pa- 
rameters of interest even though the sensor is 
located as described herein. 

h« Zl 6 ~ m ? ianCe ° f * e 'nosing system may 
oe the natural compliance of the tubing and com- 

mav e r?lS^ m **** * COmp,iant ete ™nt 
EL? ? , 4 to 8ystem to P rovWe *• desired 
degree of elasticity. The compliant element can be 
of virtually any construction and may be. or Include 
tor example, a compressible fluid, such as air a 
membrane (diaphragm), a bellows, etc. The compli- 

21* system mav ^ varied to 

obtain the results desired. 

'eJZJFl - n8C8Ssary or desirable to take the 
patients blood pressure through the lumen of the 
catheter while the blood parameters are being 
sensed. Just prior to taking a blood pressure read- 
JSJUi"? T° V °' ume O8ci,,ator el °ment Is 
Stote hS?* 30 ** m e,ement «"«* 

ZZESZ pressure read,n9 106 

The sensor may be Included as part of a 

d££r Pr ° b l may ^ 0ne or mors oonsors 
dependmg upon the number of parameters of inter- 
^These sensors can be of any type, such as 
electro-chemical, that is suitable for sensing the 

£ZT ^l? - * However - optical S9nso ' 8 2 

SU^iE? fl *f eSC9nt 88n80r8 at * considered 
optlrnum. Although multiple sensors could be pro- 
vided to sense the same blood parameter, prefer- 
ably, each sensor senses a different blood param- 

TJ? a , Pr I fe,Ted conatruc *»n. *e means acting 
to transmit the signal from the sensor includes an 



optical fiber for each of the sensors, with the sen- 
sor being located on the distal end of the asso- 

22* ^ **' 71,6 S6nsora P f0vide si 9nals 
related to the associated blood parameters of inter- 
s est and such signals may be used or processed 
continuously. Intermittently or on demand to pro- 
vide readings indicative of the blood parameters of 
interest. 

,„ a ^ ^ inventio n. together with additional features 
« and advantages thereof, may best be understood 
by reference to the following description taken in 
connect™ with the accompanying illustrative draw- 
mgs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



i«r »J^ 9 ' 1 ' S 3 schem atlc view of an assembly 
for the measurement of blood parameters of inter- 
20 est. 

Fig. 2 is a close-up elevational view, partly in 
^; sec f°n. of the volume oscillator in W as- 
sembly of Rg. 1. 

a* „„» I 9 '. ? is a lon 9 f t"dinal sectional view through 
* one embodiment of the prcAe-catheter assembly 

flnrt «,/' 9 ' V 5 J lon 9 itudina ' soofonal view through 
another embod.ment of the probe-catheter assem- 

oo view o7 9 thf en,ar9ed fra9mentaf y ^onal 
ZL* ? 8431 re9,on of one form of probe 
usable in the assembly of Fig.i. 

Fig. 6 is an enlarged sectional view taken 
generally along line 6-6 of Fig. 5. 

j^^f—-— PJI JJjf fflEFERRED EM80DI- 



35 



mJ^; ?° W lf n a88emoly 11 for 1,19 measure- 
ment of various blood parameters, and particularly 

^ ^ 3nd th9 ^oontrations of ox^e7 and 
carbon dioxide. Although the assembly 11 can Z 
of different constructions, in this embodiment it 

r luWon ,ntroduc,n9 8ystem 13 ™« « 

45 P .?^?! ter assemb,y 1S - 71,9 assembly 11 may 
45 8,89 'nolude an instrument 17 for providing a 

readout of the blood parameters of interest 

Generally, the solution introducing system 13 
introduces an appropriate flush soluflon. e.g.. an 

» TJ*T a 80lUt,0n • 8uch 88 8 noPannized salto 
^"'^"tneprobe^atheter assembly 15 to 
the patient to keep the line leading to the patient 
Pj-nt Although this can be accompiishi fn dt 

STlnT' emb ° d,ment ^wn schemaf- 
catty in Rg. 1. the system 13 includes a pressur- 
ss ized source 19 of heparinlzed saline solution a 
conduit 21 teadlng from the source to the p^be* 
celheter assembly 15. a flow restrictor 23 to reduce 
the rate of flow through the conduit 21 to the 
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desired drop rate, a flush valve 25 in a bypass 27 
around the restrictor 23, a stop cock 28, a volume 
oscillator 29. a blood withdrawal site 30 and a 
pressure transducer 31. Many of the components 
of the system 13 may be conventional, and the 
system 13 may include other components, if de- 
sired. 

In the illustrated embodiment, solution from the 
pressurized source 19 flows through the restrictor 
23 at a relatively slow rate, such as 5 ml/hour. The 
solution flows through the conduit 21, past the 
volume oscillator 29, through the probe-catheter 
assembly 15 to the patient If a more rapid flow 
rate from the source 19 is desired , as for example 
during priming, the flush valve 25 can be manually 
opened to provide a relatively high-rate flow path 
around the restrictor 23 in a conventional manner. 

Fig. 2 provides certain details of the volume 
oscillator 29. Although the volume oscillator 29 can 
take different forms,* including that of a conven- 
tional syringe, in this embodiment it is illustrated 
schematically as including a cylinder 33, a plunger 
35 slidable in the cylinder 33 and a linear solenoid 
37 for reciprocating the plunger 35, as desired. A 
conduit segment 39 is threadedly attached to the 
bottom of the cylinder 33 and includes a flexible 
diaphragm 41. The conduit segment 39 provides 
part of the conduit 21 and also secures the volume 
oscillator 29 to the assembly 11. When the plunger 
35 is moved upwardly, a chamber below the plung- 
4 er 35 is created or enlarged causing the diaphragm 
41 to flex upwardly in response to the resulting 
negative pressure above the diaphragm. This up- 
ward movement causes an expansion of the vol- 
ume of the introducing system 13. Conversely, 
when the plunger 35 moves downwardly, the dia- 
phragm flexes downwardly to thereby contract the 
volume of the introducing system 13. Expansion of 
the introducing system 13 pulls blood from the 
patient into probe-catheter assembly 15. Contrac- 
tion of the introducing system 13 moves blood 
distally, with the amount of such movement being a 
function of the degree to which the volume oscilla- 
tor 29 expands and contracts the volume of the 
introducing system 13. When the volume oscillator 
29 is inactive, i.e., neither expanding nor contract- 
ing the volume of the introducing system 13, the 
flow of flush fluid from pressurized source 19 to the 
patient continues through the conduit 21 . 

The linear solenoid 37 can be operated con- 
tinuously, Intermittently or upon demand to create 
the desired blood movement, e.g., tidal action. 
Preferably the plunger 35 moves continuously so 
that the blood is never stationary In the probe- 
catheter assembly. There Is no net or average flow 
or pumping of blood in either direction as a result 
of reciprocation of the plunger 35. 

The pressure transducer 31 communicates with 



the conduit 21 and can measure the pressure 
therein. Accordingly, with the probe-catheter as- 
sembly 15 inserted into the vascular system of a 
patient, the pressure transducer 31 can provide 
5 blood pressure readings. By deactivating the vol- 
ume oscillator 29, the position of the diaphragm is 
maintained in a neutral position and the volume 
oscillator 29 does not affect the blood pressure 
readings provided by the transducer 31. The blood 

io withdrawal site 30 is used for taking blood samples 
from the patient through the probe-catheter assem- 
bly 15. The stop cock 28 is located between the 
volume oscillator 29 and the site 30 so that, by 
closing the stop cock 28, the anti-clotting solution 

15 in the system upstream of the stopcock 28 cannot 
be withdrawn during a blood withdrawal procedure. 

As shown in Fig. 3, the probe catheter assem- 
bly 15 includes a catheter 53 and a probe 55. The 
catheter 53 may be a conventional arterial catheter. 

20 As such, the catheter 53 may include a proximal 
end 57, a lumen 61 extending axially, completely 
through the catheter 53 to a distal end 63 and an 
opening 59 at the distal end 63. The cross-sec- 
tional area of the hollow space at proximal end 57 

25 of catheter 53 is larger than the cross-sectional 
area of the hollow space at distal end 63 of cath- 
eter 53. The catheter 53 has an externally threaded 
coupling 67 at its proximal end 57 with a relatively 
large diameter portion 68 of the lumen and an 

so elongated catheter body 66 sized to be received in 
a vein or artery and having a much smaller diam- 
eter portion of the lumen extending axially thereth- 
rough. 

The probe may be of various different con- 

35 structions. In the embodiment illustrated in Fig. 3, 
the probe 55 includes an oxygen sensor 69, and a 
carbon dioxide sensor 71 located proximally to the 
proximal end 57 of catheter 53. The cross-sectional 
area of the hollow space In which sensors 69 and 

40 71 are located Is larger than the cross sectional 
area of the lumen at the distal end 63 of catheter 
53. Sensors 69 and 71 are associated with the 
distal ends of optical fibers 74 and 76, respectively, 
both of which are included in a bundle sheath 78. 

45 The construction and operation of sensors 69 and 
71 are more fully described in Heitzmann U.S. 
Patent 4,557,900, which is incorporated in its en- 
tirety by reference herein. 

For example, sensors 69 and 71 may Include a 

so hydrophobic matrix material, e.g., silicone, perme- 
able to oxygen and carbon dioxide, but essentially 
impermeable to water. Particles of hydrophllic ma- 
terial, e.g., polyacrylamide, which are completely 
enclosed within the matrix, may also be present. A 

56 fluorescent indicator responsive to oxygen is in- 
cluded in sensor 69, while a different fluorescent 
indicator responsive to carbon dioxide is present in 
sensor 71. 
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Probe 55 .ncludes a "Y" fitting 93 as shown In 

^ C !' fiberS 74 300 76 extend w«Wn the 
bundte sheath 78 completely through one leg 95 of 

to t *ftting 93 to instrument 17 as shown in Fig 
1. The sensors 69 and 71 are exposed in a rel* 
tJvely large diameter passage 96 In the leg 95 and 
therefore may be larger than if they were in the 
relatively small diameter portion of the lumen 61 
one or more other sensors, not shown, may be 
included with sensors 69 and 71. Of course the 
sensors 69 and 71 could be positioned elsewhere 
such as in the large diameter portion of the lumen 
68. In either event the cost associated with min- 
iaturization is reduced or eliminated. Also, with the 
sensors 69 and 71 located in the leg 95. they do 
not impede fluid flow. Another leg 97 of "Y" fitting 
93 has a passage 99 which communicates with the 
lumen 61. Leg 97 is coupled to the conduit 21 of 
%TZ 13 !f t nown in R 9- 1 - A third leg 101 of 

r 7 ™" 9 ♦ h f 8 Pa8Sa9e 102 ^s a 
rotatable internally threaded coupling 103 for at- 
techno the "Y" fitting of probe 55 to the proximal 
end 57 of catheter 53 outside the cardiovascular 
system of the patient Passages 99 and 102 to- 
gether form the fluid flow-path through "Y" fitting 

Bundle sheath 78 extends within a flexible tube 

fcJL""^ attaChed t0 ,h9 169 95 ' and sh rink 
tobing 111 is provided over the adjacent end por- 
tion of fitting 93 and tube 109 for strain relief The 

of the tube 109 and the end wall is transparent to 

SL.« a !J! e fc f X f tati0n ** ""^cent emission 
wavelengths for the sensors. 

With the proximal end 57 of catheter 53 coup- 
led to probe 55 by coupling 103, sensors 69 and 
71 of probe 55 are In communication with lumen 
ei- Accordingly, with catheter 53 within the cardio- 
vascular system of the patient such as in a radial 
artery, the sensors 66 and 71 are kept from con- 
ing the wall of the artery to thereby substan- 
tally eliminate any wall effect and any clot effect 
on the signals provided by the sensors 69 and 71 

mJLT° , J ,SSembly 11 ' catneter s 3 Is first 
mserted into the radial artery using conventional 
techniques Probe 55 Is attached to the proximal 
end 57 of catheter S3 with coupling 103. This 

Emen 61 69 71 relative to 

«.J!?r a USe ' ** ant, ' clottin 9 solution from 
source 19 completely fills the space around the 
porttanof probe 55 in the lumen 61. The solution is 
provided under a pressure such that there is a slow 
flow of solution from lumen 61 into the patient's 
artery^ This introduction of the solution into the 
carter 53 results in an Interface 113 which has 
some axial length and which includes both blood 
and the solution from source 19. The interface 113 



Is a partition between essentially all blood dlstally 
of the interface 113 and essentially all anti-clottlng 
solution proximally of the interface 113. The inter- 
face 113 is shown in the passage 102 in Fig.3, but 
s It washes axially back and forth In a tidal action as 
a result of the rising and falling of the patient's 
btood pressure with each heartbeat and the action 
of volume oscillator 29. ff the solution introducing 
system 13 were perfectly rigid. It would not be 
io possible for the blood to force the anti-clotting 
solution proximally within the lumen 61 because 
TO solution is essentially incompressible. However, 
the solution introducing system 13, including the 
conduit 21 is typically in the form of flexible plastic 
^'"9 which has some elasticity or compliance to 
allow this tidal action to occur. 

With this embodiment of the invention, the 
back and forth travel of the interface 113 is a 
function of the magnitude of the patient's blood 
20 pressure, the compliance of solutfon-introducing 
system 13. the action of volume oscillator 29 and 
TO delivery pressure of the anti-clotting solution 

E^'J* interfeC * SnouW move P~ximally at 
east to the sensors 69 and 71 and preferably into 

* to passage 99 sufficiently to bathe the sensors In 
esse " ftaJ ' y " b,ood - Mso ' since there is some net 
flow of the anti-clotting solution out of catheter 53. 
rt would be necessary for at least the distal region 
of interface 113 to travel dlstally as far as the 

22?^ ** ^opening 59, of catheter 53 
unless it .s possible for some of the solution to 
migrate through the blood and through the opening 

which the solution enters the. patient's bloodstream 

and the e^ extent of travel of the interface is not 
•mown. However, utilizing the tidal action of the 

iTf^'i' 8 P 088 "* 8 to bathe *• sensors 69 and 
ll 1 "**** sufficiently so that accurate readings 
are obtained, and it is believed that the sensors are 

«,i« f 98 ' t ' 5 ** 9 * 0W ano,h9r embodiment of 
Ws invention which is Identical to the embodiment 

46 T d 3 ,n 8,1 ^P"* 8 not shown or 

STf? ^ Portion8 of embodiment of 
Rgs. 4 5 and 6 substantially Identical to portions of 
TO embodiment of Figs. 1, 2 and 3 are designated 

TOSteX nding referenco numera,s fo,,owed by ' 

W " ,US,ratedinR 9S-4and5,theprobe55a 
focludes an oxygen sensor 70. a carbon dioxide 
sensor 72 and a pH sensor 73. affixed to the distal 

Zt VT "f - flb6rS 75 ' 77 and 79 > ^spec- 
tively. in this embodiment, sensors 70, 72 and 73 

Th, ° re8Cent 0pttcal sensors, and they respond 
patients blood to provide continuous opticai slg- 
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nals indicative of the condition sensed. Optical fi- 
bers 75. 77 and 79 serve as transmission means 
for transmitting the signals from the associated 
sensors proximally. 

Sensors 70. 72 and 73 are attached to the 5 
distal ends of associated optical fibers 75, 77 and 
79 in any suitable manner, and each sensor and its 
associated fiber is separately encased in an inner 
overcoat 83 which, among other things, may assist 
in retaining the sensor on the end of the associated 10 
fiber The overcoat 83 is permeable to the relevant 
blood parameter of interest so that such parameter, 
or one related to it, can be sensed by the sensor. 
An outer overcoat 85 covers the inner overcoats 83 
and a length of the fibers Just proximally of the is 
inner overcoats 83. Proximally of the overcoat 85, 
the optical fibers 75,77 and 79 and a temperature- 
sensitive element, such as a thermocouple 88 (Fig. 
6), are suitably encased within an appropriate 
sheath 87. 20 

Probe 55a includes a *Y" fitting 93a as shown 
in Figure 4. Optical fibers 75. 77 and 79 extend 
within the sheath 87 completely through one leg 
95a of the "Y w fitting 93a to instrument 17. Sheath 
87. with sensors 70, 72 and 73, extends through 25 
passage 102a of third leg 101 a and Is positioned 
with its distal end just inside relatively large diam- 
eter portion 68a of lumen 61a. inside coupling 67a. 
Sheath 87 is retained in position by potting 107. 
Another leg 97a of "Y" fitting 93a has a passage 30 
99a which communicates with the lumen 61a. Pas- 
sages 99a and 102a together form the fluid flow 
passage through "Y" fitting 93a. Leg 97a is coup- 
led to the conduit 21 of system 13. Third leg 101a 
of "Y w fitting 93a carries a rotatable internally 35 
threaded coupling 103a for attaching the "Y" fitting 
93a of probe 55a to the proximal end 57a of 
catheter 53a outside the cardiovascular system of 
the patient. 

Sheath 87 extends within a flexible tube 109a <o 
suitably attached to the leg 95a, and shrink tubing 
111a is provided over the adjacent end portion of 
fitting 93a and tube 109a for strain relief. 

The primary difference between the embodi- 
ments of Figs. 3 and 4 - 6 is in the mounting and 45 
positioning of the sensors. Thus, in the embodi- 
ment of Figs. 4 - 6, the sensors 70, 72 and 73 are 
in the lumen portion 68a of the catheter 53a. while 
the sensors 69 and 71 of the embodiment of Fig. 3 
are located proximally of catheter 53. 50 

In use, the embodiment shown in Figures 4, 5 
and 6 operates and functions in much the same 
manner as the embodiment of Fig. 3. Of course, 
the position of sheath 87 can be varied axially with 
respect to fitting 93a, as desired, to provide that 55 
sensors 70, 72 and 73 are sufficiently exposed to 
blood so as to provide satisfactory determinations 
of the blood parameters of interest. 



Claims 

1. An assembly comprising: 

a catheter having a lumen extending therethrough, 
a proximal end, a distal end and an opening, said 
catheter being sized and adapted so that at least 
said distal end and said opening thereof are receiv- 
able within a blood vessel of a patient and acting to 
carry a fluid other than blood from a fluid source to 
said patient; 

a sensor for sensing a blood parameter and provid- 
ing a signal in response thereto, said sensor being 
adapted to be located outside the body of said 
patient in fluid communication with said lumen; and 
a volume oscillator element in fluid communication 
with said lumen and being capable of acting to 
periodically cause blood to enter said lumen and to 
exit said lumen, and to allow the flow of said fluid 
when said volume oscillator element is inactive. 

2. A probe-catheter assembly comprising: 

a probe Including a sensor for sensing a parameter 
of blood and providing a signal in response thereto, 
and a fitting forming a primary fluid flow path 
including two non-aligned flow path segments 
which come together at a junction; and 
a catheter having a lumen extending therethrough, 
a proximal end, a distal end and an opening adja- 
cent said distal end, said catheter being sized and 
adapted so that at least said distal end and said 
opening are receivable within a blood vessel of a 
patient, said catheter being structured to be coup- 
led to said fitting, said sensor being located in said 
fitting or in said catheter near the proximal end 
thereof. 

3. The assembly of claim 1 wherein said vol- 
ume oscillator element is structured and located so 
that substantially no net pumping of blood results 
from the operation thereof. 

4. The assembly of claim 2 wherein said fitting 
is a multi-legged fitting having a first leg with which 
said elongated transmission means is associated, 
and a second leg and a third leg which together 
form said primary fluid flow path, and said sensor 
is located in said first leg. 

5. The assembly of any of claims 1 or 3 
wherein said volume oscillator element comprises a 
piston movable in a chamber to increase or de- 
crease the open volume of said chamber, as de- 
sired, and a diaphragm moveable in response to 
the increasing or decreasing of said volume. 

6. The assembly of claims 1, 2, 3, 4 or 5 which 
further comprises transmission means for transmit- 
ting said signal from said sensor, said transmission 
means comprises an optical fiber and said sensor 
is a fluorescence sensor. 

7. The assembly of any of claims 1, 2, 3, 4, 5 
or 6 which comprises more than one said sensor, 
each of said sensors for sensing a different blood 
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£Z et6r w and pr ° Vid,n9 8 s, 9 nal response 
ofZ^T^ P,UraBty 0f Emission means each 

Censor taB a different ' 

8. The assembly of any of clafms 1 2 3 s a 

be located In a position in said lumen at or neaTthe 
proximal end of said catheter.^ ° r near me 

sa JL^ aSSembly 0f clalm 7 wherei " »he cross 
sectional area of said lumen nearest said posiSn 
is greater that the cross-sectional area of sa£d stel 
end or of said opening. 

u«i J„°; i m6,h0d ° f Sensi " 9 8 P^eter of blood 
providing said catheter in a blood vessel of a 

^uSintosJ? S0 ' Uti0n * 0ra 8 flu8h «**» 
source into said lumen so that there is an interface 

bjjjn biood from said blood vesse. anTsS 

gating said volume oscillator element to at least 
■dm movng said interface back and forth so Sat 
s^sensor or sensors are exposed to blood 

Eli ST "* < 8 

obtaining said signal or signals from said sensor or 
•mm, during me time said sensor or senso^e 
effectively exposed to blood. 

of inlL 7 ** m f ttl ° d ° f C,aim 10 wherein said step 

ifSSfl 8 des introducing ^ Bush «2 

to sa,d lumen to produce a net flow of solution 
trough said opening into said blood vessel ofSd 
Patient, and the action of said volumTosc ,S 
« f " substantially no net pumS'of 
ZZZJ? $S 1 melh0d further ""Prises confinu- 
Sufon IT ° f flUSh SO,ution Zi 
, UfCe int0 said ,urnen wh *" said volume 
osaflator element Is inactive. 
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